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INTERNATIONAL BACCALAUREATE 

Mathematics: applications and interpretation 

MAI 

 

EXERCISES [MAI 1.14] 

MATRIX EQUATIONS – THE LINEAR SYSTEM AX=B 

Compiled by Christos Nikolaidis 

 
 

A.    Paper 1 questions (SHORT) 

 
MATRIX EQUATIONS 

1. [Maximum mark: 6] 

Let 









43

21
A , 










22

22
B .  

Find a matrix X  such that 2 3A X B   by using two methods: 

(i) Method A: Assume that 
a b

X
c d

 
  
 

 and find , , ,a b c d .  

(ii) Method B: Solve the equation for X  and then calculate X . 

 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 
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2. [Maximum mark: 8] 

Let 









43

21
A , 










22

22
B . 

(a) Find 
1A
 .           [1] 

(b) Find a matrix X  such that BAX   by using two methods: 

(i)  Method A: Assume that 
a b

X
c d

 
  
 

 and find , , ,a b c d .  

(ii)  Method B: Solve the equation for X  and then calculate X .   [5] 

(c) Find a matrix X  such that BXA   [use method B only].    [2] 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 
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3. [Maximum mark: 7] 

 All matrices in this question are 2×2 matrices. Provided that matrix A has an inverse, 

solve the following matrix equations  

  

Equation Solve for X 

X – A = B  

A + 2X = B  

AX = C  

XA = C  

AXA = C  

AX – B = C  

2AX + 3B = C  

 

4. [Maximum mark: 6] 

  The matrices A, B, C and X are all invertible 3 × 3 matrices. 

(a) Given that A–l
XB = C, express X in terms of the other matrices.   [2] 

(b) Provided that A – I  has an inverse, solve the matrix equations 

(i) AX – X = C        (ii)   XA – X = C.       [4] 

 ............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 
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5. [Maximum mark: 4] 

 Let A = 






 

30

21
. 

(a) Find A2.           [1] 

(b) Let B = 








12

43
. Solve the matrix equation 3X + A = B.    [3] 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 
 

6. [Maximum mark: 5] 

 Given that A = 








 2

3

1

2
 and B = 









 3

0

0

2
 find X if BX = A – AB. 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 
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7. [Maximum mark: 4] 

 A and B are 2 × 2 matrices, where A = 








0

2

2

5
 and BA = 









8

2

44

11
.  Find B. 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 
 

8. [Maximum mark: 4] 

 Let A = 






 

43

21
 and B = 









5

5
. 

(a) Find AB.           [1] 

(b) Solve A–1
 X = B.          [3] 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 
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9. [Maximum mark: 6] 

 Let A = 








26

15
 and B = 













56

12
. 

(a) (i) Find AB. (ii) Write down the inverse of A.     [3] 

 Let X = 








y

x
 and C = 









 4

8
. 

(b) Solve the matrix equation AX = C.       [3] 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 
 

10. [Maximum mark: 6] 

 Consider the matrix A = 








17

2–5
. 

(a) Write down the inverse, A–l.        [2] 

(b) B, C and X are also 2 × 2 matrices. 

(i) Given that XA + B = C, express X in terms of A–1
, B and C. 

(ii) Given that  B = 








2–5

76
 and  C = ,

78–

05–








 find X.    [4] 

....................................................... ........................................................................ 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 
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11. [Maximum mark: 4] 

 Let A = 












31

42
.  

(i) Find A–1.       (ii) Solve the matrix equation AX = 








 22

64
. 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 
 

12. [Maximum mark: 7] 

 Matrices A, B and C are defined by A = 








27

15
 B = 









 153

42
 C = 







 

28

79
. 

Let X be an unknown 2 × 2 matrix satisfying the equation AX + B = C. 

 This equation may be solved for X by rewriting it in the form X=A
−1

D, where D is a 2×2 

matrix. 

(a) Write down A−1.          [2] 

(b) Find D.           [3] 

(c) Find X.           [2] 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 
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13. [Maximum mark: 6] 

 The matrices A, B, X are given by 

 A = ,
65–

13








 B = ,

3–0

84








 X = ,









dc

ba
 where a, b, c, d   . 

 Given that AX + X = Β, find the exact values of a, b, c and d. 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 
 
14. [Maximum mark: 5] 

 Let A = 




















124

032

103

. 

(a) Write down   A–1.          [1] 

(b) Let B be a 3 × 3 matrix. Given that AB + 











































571

856

767

1029

435

123

, find B.  [4] 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 
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THE LINEAR SYSTEM AX = B  

15. [Maximum mark: 6] 

 Let A = 








32

87
 

(a) by using the appropriate formulas, find    

(i)   det A       

(ii)  
1

A .           [3] 

(b) Hence, solve the system of simultaneous equations. 

 7 8 1x y   

 2 3 1x y        [3] 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 
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16. [Maximum mark: 8] 

 Let M = 








12

12
. 

(a) Write down the determinant of M .       [1] 

(b) Write down 
1

M           [1] 

(b) Hence solve M .
8

4


















y

x
        [3] 

(c) Write down  

 (i) a system of equations represented by the matrix equation in (c).   

 (ii)  the solution of the system        [3] 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 
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17. [Maximum mark: 6] 

 A matrix M  has inverse 
1 M 









21

05
.  Let B  









7

1
 and X = 









y

x
. 

(a) Find M            [3] 

(b)    Solve the matrix equation MX B        [3]   

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 
 

18. [Maximum mark: 5] 

 Let A =























342

411

321

 and B =



















1

3

2

.    

(a) Write down 
1

A .          [2] 

(b) Solve AX = B .          [3] 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 
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19. [Maximum mark: 6] 

 (a) Write down the inverse of the matrix A =  






















351

122

131

.    [2] 

(b) Hence solve the simultaneous equations 

 3 1x y z    

 2 2 2x y z    

5 3 3x y z         [4] 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 
 

20. [Maximum mark: 6] 

 (a) Write down the inverse of the matrix A =  














 

314

102

031

     [2] 

(b) Hence solve 
  3 1x y   

  2 2x z   

  4 3 1x y z          [4] 

 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 
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21. [Maximum mark: 6] 

 Let A =  
















102

213

321

, B

















13

23

18

 and X =

















z

y

x

. 

(a) Write down the inverse matrix 
1

A . 

(b) Consider the equation AX = B . 

(i) Express X  in terms of 
1

A  and B .   (ii) Hence, solve for X . 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 
 

22. [Maximum mark: 6] 

 The system of linear equations below can be written as the matrix equation MX N . 

   6 3 1x y z     

  4 2 4 12x y z    

  5 15x y z    

(a) Write down the matrices M  and N .       [2] 

(b) Solve the matrix equation MX N .       [3] 

(c) Hence write down the solution of the system of linear equations.   [1] 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 
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23. [Maximum mark: 6] 

 The matrix A =





















122

113

021

 has inverse 
1 A















 

ba 6

113

221

. 

(a) Use the fact 
1 AA I  to find the value of   (i)  a ;   (ii)  b .     [2] 

Consider the simultaneous equations 

   2 7x y   

   3 10x y z     

  2 2 12x y z     

(b) Write these equations as a matrix equation.      [1] 

(c) Solve the matrix equation.        [3] 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 
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B.    Paper 2 questions (LONG) 

 
24. [Maximum mark: 11] 

 Let A = 








02

20
. 

(a) Find (i)  A−1;  (ii)   A2.       [4] 

Let B = 








q

p

0

2
. 

(b) Given that 2A + B = 








34

62
, find the value of p and of q.    [3] 

(c) Hence find A−1
B.          [2] 

(d) Let X  be a 2 × 2 matrix such that AX = B. Find X.     [2] 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 
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25. [Maximum mark: 12] 

 Let M  








1

2

2

a
, where a . 

(a) Find 
2

M  in terms of a          [4] 

(b) If 
2

M  is equal to 






 

 5

4

4

5
, find the value of a .     [2] 

(c) Using this value of a , find 
1

M  and hence solve the system of equations: 

 2 3x y     

2 3x y           [6] 

 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 

............................................................................................................................... 
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26. [Maximum mark: 13] 

 Let A =





















220

112

311

. 

(a) Write down 
1

A .          [2] 

 The matrix B  satisfies the equation 

1

2

1










 BI  A , where I  is the 3×3 identity matrix. 

(b) (i) Show that 2( ) -1
B = A I  and hence find B . 

(ii) Write down det B  and hence, explain why
1

B  exists.    [6] 

 Let BX C , where X =

















z

y

x

 and C =



















1

1

2

. 

(c) (i) Find X . 

(ii) Write down a system of equations whose solution is represented by X . [5] 
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27. [Maximum mark: 15] 

 Let 
2

( )f x ax bx c    where a , b  and c  are rational numbers.  

(a) The point P(–4, 3) lies on the curve of f  Show that 16 4 3a b c   .   [2] 

(b) The points Q(6, 3) and R(–2, –1) also lie on the curve of f . Write down two other 

linear equations in a , b  and c .        [2] 

(c) These three equations may be written as a matrix equation in the form AX = B , 

where X =

















c

b

a

. 

(i) Write down the matrices A  and B . 

(ii) Write down 
1

A . 

(iii) Hence or otherwise, find ( )f x .       [8] 

(d) Write ( )f x  In the form 
2

( ) ( )f x a x h k   , where a , h  and k  are rational 

numbers.           [3] 
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28. [Maximum mark: 14] 

 The function f  is given by 
3 2

( )f x mx nx px q    , where , , ,m n p q  are integers. 

The graph of f  passes through the points (0, 0) and (3, 18). 

(a) Write down the value of q .        [1] 

(b) Show that 27 9 3 18m nx p   .        [2] 

The graph of f  also passes through the points (1, 0) and (–1, –10). 

(c) Write down the other two linear equations in ,m n  and p .    [2] 

(d) (i) Write down these three equations as a matrix equation. 

(ii) Solve this matrix equation.        [6] 

(e) The function f  can also be written ( ) ( 1( )f x x x rx s    where r  and s  are 

integers. Find r  and s .         [3] 
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